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since late |9th century, many
particles
discovered with
cosmic rays and
particle accelerators!

Antimatter!
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

Tre Standard MOSe! 1S & Guantum Pecry hal SLMmarizes Our Current inowlodge of ™he physics of fundamental Dartcies and TuNAaMontal Meractons (Neactons Ao mandostod Dy forces and Dy Gocay rates of unalabie Dartcles

matter constituents force carriers
FERMIONS spin = 172, 3/2, 5/2, . BOSONS spin=0.1, 2 ..

Leptons spin =1/2 7 Quarks spin =1/2 \ Structure within /Unified Electroweak spin= 1)/  Strong (color) spin =1

the Atom Name Mass | Electric Mass | Electric
GeV/ic? | charge

Mass Electric
GeVic? charge

GeVic? | charge Name
Quark
(0-0.13)x10-9 Sze < 107"a

noutring*

electron 0.000511

Color Charge

Only quarks and gluons carry “strong charge”
(also callod “colr charge®) and can have strong
nteracsons. Each quark carmes three types of
colkox charge. These chargos have rothing 10 %o
with the colors of visibie MMt Just a8 slecancaly-
charged partcios Bloract by sxchangeyg photons
N Sirong Interactions, color -Charged partcles
e et By sxchangng ghucemn

Sha & 36-98; Quarks Confined in Mesons and Baryons

Atom e Quarks and ghuons Cannt be isolated - they are confned in cokr-neutral particies caled

0 hadrons. This corfinement (binding) results from muliple excharges of gluons among he
ol Charged consiiuents. As ColorCharged parScies (quarks and glucnra ) move aperl, he
energy In the color-dorce feld betaeen them increases. This energy eventualy & converied into
S0GONE! Quart - antguars pais. The Juarks and antuarks e Combng Wi hadrons, those
are he particies seen 10 emenge

Nucleus Electron

DR | 0 g0 14) Neutron
and

Pro

" -
NOUY Y0

T 1777

*See P NOinO paragraph Delow
Spin s T Intrinsic anguiae momentum of paricies. SOn s given In units of N, which is the quantum
unt of angulsr momentum whero ) s h2e = 65810 % GaV s =1.05<10 ¥ J s

Electric charges are grven in units of the proton's chavge In Sl unsts he slociic chavge of e proton
% 16010 " coulembs

The energy uni of panicie physics & the Hectoavoll (V) ™he energy gared by one
olcron In crossing & potensal dflaconce of ono volt. Masses are given in GaVic?
(remamber E = me*) where 1 GaV = 107 oV = 16010 'Y joule. The mass of

the peoton s 0908 GoVic? » 167510 ¥ &g

Two types of hadrons have been obsecved n nators mesons Qf and baryons oy Among the

marry types of Daryons cbserved are Ta peoton (Lad) Migrcton (o), reuton (udd) enbds A
(uds), anc omega L (ss3). Quark chavges a0d n such a way as o
mako the prolon have charge 1 and the neutroe charge (. Amaong

Pl’opel‘ﬂes (o) 6 Mel’actions 2w many types of mesons are the pon =* (Ld), kace K™ (s3),

Neutrinos 0 1 z\
NOAANOS Bre procuced N Tho Sun. SLEermovae, fOaciors, Sccokeraion The slrergiha of the PEerachions (rted ) ane Ahown rolaive 10 e slrengh of T eleciomagnotc Tone 1Of ted U QUirss Seguraltod by the speclied dalances 87 (20), and 1 (cT). Ther changes are 1, -1, 0, 0 respecively
CORSIONS, ANd MAny Ot DrOCesses. Any Croouced Neulrno can be : v 4 .
Soscrided 88 0ne of o0 Siaos Ve M. o ¥y s by e / Weak E|cc"°magn°t.c Strong Vist the award-winning web feature The Partcio Adventure st
. " -
tyse of CPArged pion ASSOCINAG with 2% Droduchon. Each is & Sefined Interaction _ Interaction Interaction
PSRRI IRk S8 e DEACROR, R M Property ParticleAdventure.org
which currantly Alownd Mass fanges are shown in the table. Futher Acts on Color Charoe Thes AT R Dot Mikde Cinabio Dy e GONerte g of
QAN Of the PAOpOrses of NOUNNOS May yekd POworis clues 10 s ~ o~ o us Depanmenl of Energy
about matter and antmaer and the evoluton of stars and galary structures Partides expesencng Al Quarks pAONS tlecincally Charged Quarks, Gluons
Matt A U.S. National Science Foundation
er and Antimatter =
! at - ons
For avory DALCH 1yDo 1her0 n 3 COmesEandeng actiiiie type derted by Paricie meding et y ; Groons Lawrence Berkeley National Laboratory
8 v Over The paricis symbol (uniess + oF — Chivge & shomn) Parsche and 10" m - A4S p = " 5 G008 Comterrgorary Phyacs Educaton Promct GPEP o 8 200 (el Ongararatior
antpancie have identcal mass and span but Ooposte Charnges. Some Strength at - o - o wacters pryncah wd sacaton | or more mhoreaton yee
olectricaly neutral Bosons (0.5, Z°, Y and 1), = o bt ot KU = ¢3) arw thewr K 3x90°" 1l 10-4 1 &0 CPEPWQD.OIQ

Own antpancies

Unsolved Mysteries

Driven by mow puzzies in o undoniandng of he physial work!, pivScle physiosls s Illownyg Dt 10 fow wonders and

Particle Processes

Thase Gagrams Ao A artnl's CONCMMON. Biuo-0rean sHaced aness rpresent the doud of gluons Mg SsCoveres. Expanments mary oven find axira Simensions of 10808, mrs-Biack holes, and'or evidencs of siring Pwory
. ' s .
Universe Accelerating? Why No Antimatter? Dark Matter? Origin of Mass?
& ' ; o = |
. ‘ ’ .y B :
I .. . . AT
A i . < -
- i : .
’ N . » - »
A 1ree neutron fudd) Secays i & prosen An electren and on Y?c qu'suv of the mwcn .»"E,b be Mater ..: armaller were Created n he Big Inviabieo forms of v'ufm mahe up mach u: e In the Sandard L'bou for f.tm:«f.- parides
(uud). an Son. and an antineutring (antelocton) coliding at high acosieratng. Is Tus due 10 Ensten's Cosmo Bang. Whiy do we nOw see only mather except mass cbserved N gakces and chusters o 10 have masses, there must et 3 paricle
. > - ogical Comatant? If not, will exporments for the Bny amounts of antirmatter Bal we make golaves Doos Pa dark matter consist of now called the Higgs boson. Wi it be dacovered
via & virtual (mediatng) W boson, Ths energy Can anviniate 10 prOduce ) Saana o > SRt " \ :
is meutron [} (beta) decary é“' and 87 vie B v 12 revedl 3 new foroe of nature o even exira n the b ad observe 1 COsMIC rays types of particies that nlecact very woakly S00n7? s supersymmelry heory cormect »
v (hdden) dmonsons of space? with ordeary matter? prodicing more than one hpe of Miges?

DOSON Of & virtuld photon




Universe Accelerating?
¢ $ ,
& /

-

The expansion of the universe agpears 10 be
accelerating. 1s this due 10 Enstein's Cosmo-
logical Constant? If not, will experiments
revedl 8 new force of nature or even exira
(hidden) dmensions of space?

Unsolved Mysteries

Drven by new puzzios in owr understanding of the phiysical workl, parscle physicsts are foliowing paths 10 new wonders and
starthng discovanes.  Expenmants may even find extra Simensions of space, mini-black holes, and/or avidence of string theory.

Why No Antimatter?

Matier and andmatier were created in the Big
Bang. Why do we now see only matier except
for the tiny amounts of antimatter that we make
n the lab and cbserve in cosmic rays?

Dark Matter?

invisbile forms of matter make up much of the
mass cbserved in gakaces and clusters of
galavies. Does this dark matter consist of new
types of particles that interact very weakly
with ordingey matier?

Origin of Mass?

10 have masses, there must east 3 particle

called the Mggs boson. YWl it be dscovered
s00n7 s supersymmedry theory cormect in

predcing more than one type of Higgs?




Peter Higgs, proposed the Higgs
mechanism in 1964...still waiting!



the Higgs field is like a big cocktail party
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particles interact with the Higgs field, gaining mass and slowing down
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compUter rendering of ATLAS detector
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protons collide

at high energy

and make new
particles!
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ATLAS Facts

44 meters long
25 meters high
7000 metric tonnes (7700 tons)
2000 scientists
|65 institutions (labs & universities)
35 countries
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Open Science Grud =

«
Brookhaven has a e Wy - ¥
huge computing / - STATEW'%L gw > %OURF‘*F[ALLLE%
facility for ATLAS e e e HRE @
computing - part Y it ‘ VANDERBILT. OFN- }
of science “Grid” UCLA\é(:EFgc\ = OZ*@U B i ok Ew

——
Fast data connection <= \f Q
(400MB/sec) i

1000’s of computers
@ BNL (25% of ATLAS!)

Supporting 1200+
LHC scientists
(50+ @ BNL!)







ANGELS&IDEMONS




yid'ﬂ B

- vw.l./).“t Tw“ :

e

g

AP o

%é
e Ba % -

g

y » = T it WP 1

: bov.mi

shnad 3. 0GR %ﬂ«.l







Don’t be afraid!

we make bits of antimatter all the time - not dangerous!
black holes will not destroy the earth!

no there is no special plane to the Vatican!



who knows
what we will
discover!




